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1
CONTROL DEVICE FOR A HYBRID
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This present application claims priority to Japanese Patent
Application No. 2011-200582 filed on Sep. 14, 2011, which
is incorporated herein by reference in its entirety.

BACKGROUND

1. Technical Field

The present invention relates to a control device for a
hybrid vehicle equipped with a starter motor for starting the
engine.

2. Related Art

A conventional control device for a hybrid vehicle is
known in which, during running in an EV mode using a
drive motor as driving source, an engine is caused to be
started using a starter motor at all times.

Patent Document 1: JP Patent Application Publication No.
11-82261

SUMMARY

However, in the conventional control device for a hybrid
vehicle, when starting the engine, the starter motor may
always be used. Thus, at the start-up of the engine in running
condition in which background noise environmental noise)
is at low level, a jump-in gear sound or driving sound of the
starter motor will be heard by the driver. In particular, when
an engine starting scene occurs, in which the engine will be
started due to a system initiative request against the intention
of the driver, the situation would give a sense of discomfort
to the occupant.

One or more embodiments of the present invention pro-
vides a control device for a hybrid vehicle that can reduce
the discomfort to the occupant due to the engine start sound
in an engine starting scene caused by a system request.

A control device for a hybrid vehicle according to one or
more embodiments of the present invention is configured to
include an engine, a starter motor, a driving motor, and a
starting motor selective control unit.

The starter motor is configured to start the engine.

The driving motor is configured to transmit a motor
torque to both the engine and the drive wheels.

The starting motor selective control unit is operative to
start the engine using the starter motor in response to a
driving force request during a selected mode of operation in
which the driving motor serves as driving force is being
selected, while, in response to a system request, the engine
is started using the driving motor.

Thus, during a selected mode of operation using the
driving motor as drive source, in response to a drive force
request, the engine startup will be performed using the
starter motor.

Therefore, although, in a state in which background noise
is small, the engine start sound will reach the driver, because
this represents an engine start sound corresponding to an
accelerator depressing operation, which in turn is reflected in
the accelerator depressing operation in response to the
intention of the driver requesting for a driving force, the
associated engine start sound would not become uncomfort-
able for the driver. In addition, in the presence of request for
a driving force, by assigning the engine start operation to the
starter motor, the torque from the driving motor may be used
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2

as a driving torque to the drive wheels so that expansion of
the travel area of the mode in which the driving motor is
used as driving source can be achieved.

On the other hand, during the mode in which the driving
motor is used as driving source, in response to a system
initiated request, an engine startup will be performed using
the driving motor.

As examples of the engine startup due to the system
request, such scenes are conceivable as a reduction in battery
charge capacity, increase in air conditioning load, an
increase in power consumption other than the driving force,
and the like. Specifically, the engine startup due to the
system request is unpredictable for the driver as to the time
at which the engine startup is performed. Therefore, in the
case of an engine startup due to the system request, by
assigning to the driving motor which exhibits a better sound
vibration performance compared to an engine startup by the
starter motor, to assume the engine starting operation, dis-
comfort to the occupant by the engine start sound is reduced.

As a result, it is possible in the engine starting scene in
response to the system request to reduce the discomfort to
the occupant by the engine start sound.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an overall system diagram showing a control
device for an FF hybrid vehicle 1 according to one or more
embodiments of the present invention;

FIG. 2 is a flowchart showing a flow of a starting motor
selective use control process executed by an integrated
control unit for the FF hybrid vehicle according to one or
more embodiments of the present invention;

FIG. 3 is a starting motor selection region diagram
showing an example of selection areas of the engine starting
motor (an example of allocation to respective areas by
overlapping in the EV-HEV region map);

FIG. 4 is a performance comparison characteristic dia-
gram showing difference in a sound vibration performance
difference between an engine startup using a starter motor
and that using a driving motor;

FIG. 5 is a vehicle speed-sound pressure level character-
istic diagram indicating the concept of regional allocation of
the starting motor at the time of engine startup in response
to a system request in the starting motor selective control
process according to one or more embodiments of the
present invention;

FIG. 6 is a selection pattern diagram showing a specific
pattern of selection in the starting motor selective control
process according to one or more embodiments of the
present invention;

FIG. 7 is a time chart showing respective characteristics
of an accelerator opening, a motor torque, an engine torque,
a motor rotation speed, a primary rotation speed, an engine
rotation speed, a first clutch hydraulic pressure, a second
clutch hydraulic pressure, a vehicle speed, a driving force,
and starter activation signal when the engine is started in
response to a driving force request due to accelerator depres-
sion during running in the EV mode in the FF hybrid vehicle
on which the control device according to one or more
embodiments of the present invention installed.

FIG. 8 is a time chart showing respective characteristics
of an accelerator opening, a motor torque, an engine torque,
a motor rotation speed, a primary rotation speed, an engine
rotation speed, a first clutch hydraulic pressure, a second
clutch hydraulic pressure, a vehicle speed, a driving force,
and starter activation signal when the engine is started in
response to a driving force request due to increase in the
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vehicle speed during running in the EV mode in the FF
hybrid vehicle on which the control device according to one
or more embodiments of the present invention is installed.
FIG. 9 is a time chart showing respective characteristics
of an accelerator opening, a motor torque, an engine torque,
a motor rotation speed, a primary rotation speed, an engine
rotation speed, a first clutch hydraulic pressure, a second
clutch hydraulic pressure, a vehicle speed, a driving force,
and starter activation signal when the engine is started in
response to a driving force request due to change of mind
operation during running in the EV mode in the FF hybrid
vehicle on which the control device according to one or
more embodiments of the present invention is installed.
FIG. 10 is a time chart showing respective characteristics
of an accelerator opening, a motor torque, an engine torque,
a motor rotation speed, a primary rotation speed, an engine
rotation speed, a first clutch hydraulic pressure, a second
clutch hydraulic pressure, a vehicle speed, a driving force,
and starter activation signal when the engine is started in
response to a driving force request due to a system initiated
request during running in the EV mode in the FF hybrid
vehicle on which the control device according to one or
more embodiments of the present invention is installed.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present invention will be
described with reference to the drawings. In embodiments of
the invention, numerous specific details are set forth in order
to provide a more thorough understanding of the invention.
However, it will be apparent to one of ordinary skill in the
art that the invention may be practiced without these specific
details. In other instances, well-known features have not
been described in detail to avoid obscuring the invention.

First, a description is given of the configuration.

The configuration of a control device according to one or
more embodiments of the present invention of FF hybrid
vehicle (an example of the hybrid vehicle) will be described
separately with respect to an “overall system configuration”
and “starting motor selective control configuration”.

[Overall System Configuration]

FIG. 1 is an overall system diagram showing the FF
hybrid vehicle to which the control device according to one
or more embodiments of the present invention is applied.
Below, with reference to FIG. 1, the overall system con-
figuration of the FF hybrid vehicle is described.

As shown in FIG. 1, the FF hybrid vehicle is provided
with an engine 1, a first clutch 2, a motor/generator 3
(driving motor), a second clutch 4, a belt type continuously
variable transmission 5, a starter motor 6, a low voltage
battery 7, a start-up relay circuit 8, a DC/DC converter 9, a
high voltage battery 10, and an inverter 11. Incidentally, the
reference numeral 12, 12 indicates a front wheel (drive
wheel), while the reference numeral 13, 13 depicts a rear
wheel.

The engine 1 is a gasoline engine or a diesel engine, and
operative, on the basis of the engine control command from
an engine controller 20, to carry out an engine startup
control, an engine stop control, a valve opening control of a
throttle valve, and a fuel-cut control.

The first clutch 2 is a clutch that is interposed between the
engine 1 and the motor/generator 3. Based on a control
command from the CVT controller 21, by a first clutch
hydraulic pressure (CL1 hydraulic pressure) produced by a
control unit (not shown), engagement and release thereof is
selectively controlled.
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The motor/generator 3 is a synchronous motor/generator
stator in which permanent magnets are embedded in the
rotor coil while a stator coil is wound around a stator. The
motor/generator 3 is driven by applying a three-phase alter-
nating current that is produced by the inverter 11 on the basis
of the control command from the motor controller 22. The
motor/generator 3 is operable as an electric motor (driving
operation) to rotate with power being supplied from the
high-voltage battery 10 via the inverter 11. Further, the
motor/generator 3 functions as an electric generator to
generate an electromotive force at both ends of the stator
coils to charge the high-voltage battery via the inverter 11
(regeneration).

The second clutch 4 is a clutch that is interposed between
a motor shaft and an input shaft of the transmission in a drive
line between the motor/generator 3 and left and right front
wheels 12, 12. Similar to the first clutch 2, the second clutch
is controlled in an engagement, slip-engagement, and release
states by a second clutch hydraulic pressure (CL2 pressure)
produced by the hydraulic unit (not shown) on a basis of a
control command from the CVT controller 21.

The belt type continuously variable transmission (CVT) 5§
is disposed at a position downstream of the second clutch 4,
to continuously vary or change the speed ratio automatically
corresponding to a target input rotation speed based on a
vehicle speed VSP and an accelerator pedal opening AP0. In
the belt type continuously variable transmission 5, due to a
first primary hydraulic pressure and a secondary hydraulic
pressure produced by a hydraulic unit (not shown) based on
a control command from the CVT controller 21, a speed
ratio represented by a ratio of winding diameters of a pair of
pulleys around which a belt is wound.

A differential gear (not shown) is coupled to an output
shaft of the belt type CVT 5, and the left and right front
wheels 12, 12 are provided via a left and right drive shafts
bifurcated from the differential gear, respectively.

The starter motor is a motor dedicated for starting the
engine 1, and a direct current motor driven upon receipt of
power supply from a low voltage battery 7, when turning the
startup relay circuit 8 based on a control command from the
motor controller 22. Note that the low voltage battery 7 is
charged with a direct current, high voltage from the high
voltage battery 10 converted into a direct current, low
voltage via a DC/DC converter 9.

Based on a control command from the motor controller
22, the inverter 11 is operative to drive the motor/generator
3 during a driving mode by converting a direct current from
the high voltage battery 10 into a three-phase alternating
current. Further, during regenerative mode, the three-phase
alternating current from the motor/generator 3 is converted
into a direct current to charge the high voltage battery 10.

The FF hybrid vehicle includes, as drive modes depend-
ing on the difference in driving methods), an electric vehicle
drive mode (hereinafter, referred to as “EV mode”) and a
hybrid vehicle drive mode (hereinafter, referred to as “HEV
mode”).

The “EV mode” represents a mode in which the vehicle
is propelled by the motor/generator as driving power source
with the first clutch CL1 in a released state, and propels the
vehicle in either a motor drive mode or a regenerative mode.
The “EV mode” is selected when a driving force request is
low and the battery state of charge SOC is secured.

The “HEV mode” represents a mode that drives the
vehicle by both the engine ENG and the motor/generator 3
as driving power source, and propels the vehicle in any one
of a motor-assist drive mode, a power generation drive
mode, and an engine drive mode. The “HEV mode” is
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selected when the demand for high driving force is detected
or the battery SOC indicates a capacity sufficient.

As shown in FIG. 1, the control system of the FF hybrid
vehicle is configured to have an engine controller 20, a CVT
controller 21, a motor controller 22, and an integrated
controller 23. Note that the each controller 20, 21, 22 and the
integrated controller 23 are connected via a CAN commu-
nication line 24 for mutual exchange of information.

The engine controller 20 receives engine speed informa-
tion from an engine speed sensor 27, a target engine torque
command from the integrated controller 23, and other nec-
essary information. And, a command to control an engine
operating point (Ne, Te) is output to a throttle valve actuator
of the eng ENG, for example.

The CVT controller 21 receives information from an
accelerator opening sensor 25, a vehicle speed sensor 26,
and other sensors 28. Then, when driving with D range
selected, a target input rotation speed to be determined by
the accelerator opening and the vehicle speed VSP is
searched in a shift map, and a control command to attain the
target input rotation speed (speed ratio) thus searched will be
output to a hydraulic unit (not shown) provided with the belt
type CVT 5. In addition to this speed change control, a
clutch hydraulic pressure control is carried out with respect
to the first clutch 2 and the second clutch 4.

The motor controller 22 receives rotational position infor-
mation of the rotor, both the target MG (motor/generator)
torque command and the target MG rotation speed command
from the integrated controller 23, and other necessary infor-
mation. Then, a command that controls the operating point
(Nm, Tm) of the motor/generator 3 is output to the inverter
3. Subsequently, the motor controller 2 is also operative to
perform a driving control of a starter motor 6 that outputs a
starter activation signal (ON signal) to the startup relay
circuit 8 at the time of engine startup.

The integrated controller 23 is responsible for the func-
tions for managing the energy consumption of the whole
vehicle, and to drive the vehicle at maximum efficiency. The
integrated controller 10, either directly or via CAN commu-
nication line 24, receives information of the accelerator
opening sensor 25, the vehicle speed sensor 26, the engine
speed sensor 27, and other sensor/switch 28.

[Starting Motor Selective Control Configuration]

FIG. 2 is a flowchart showing a flow of a starting motor
selective control process (starting motor selective control
unit) executed by the integrated controller 23 of the FF
hybrid vehicle to which the control device according to one
or more embodiments of the present invention is applied. In
the following, discussion is made of each step of FIG. 2
representing the starting motor selective control configura-
tion.

In step S1, it is determined whether or not the drive is
allowed selecting the “EV mode”. The process proceeds to
step S2 If YES (EV travel allowed), while the process
proceeds to END in case of NO (EV drive is not permitted).

In step S2, following the determination of EV travel being
allowed in step S1, it is determined whether or not there is
an engine startup request by the system request. The process
proceeds to step S3 if YES (i.e., there is a start request by the
system requirements), while the process proceeds to step S6
in the case of NO (no engine start request by the system
request).

Note that, when examples of the system request initiated
starting conditions are listed, such as a road gradient,
conditions of an air conditioner, engine speed, engine cool-
ant temperature, atmospheric pressure, brake negative pres-
sure, transmission hydraulic oil temperature, estimated tem-
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6

perature of CL1 facing, high-power battery SOC, available
output power from the high-voltage battery, available motor
toque, consumption energy other than the driving force, the
front defogger switch, rear defogger switch, the three-way
catalyst, and the like.

In step S3, following the determination for startup request
due to a system requirement in step 2, it is determined
whether or not the vehicle speed detected by the vehicle
speed sensor 26 is equal to or greater than a threshold value.
The process proceeds to step S4 if YES (the vehicle speed-
=threshold), whereas the process proceeds to step S5 If NO
(vehicle speed<threshold). Note that the vehicle speed
threshold is set as shown in FIG. 3 at a vehicle speed value
VSP1 at which the startup sound at the time of engine startup
using the starter motor 6 is inconspicuous with respect to
background noise that increases as the vehicle speed
increases.

In step S4, following the determination that the vehicle
speed=the threshold value in step S3, an engine start is
performed using the starter motor 6, and the process pro-
ceeds to step S9.

In step S5, following the determination that the vehicle
speed<threshold value in step S3, an engine start is per-
formed using the motor/generator 3, and the process pro-
ceeds to step S9.

In step S6, following the determination in step S2 of
absence of the startup request due to the system requirement,
it is determined whether or not the accelerator opening AP0
detected by the accelerator opening sensor 25 is equal to or
greater than a predetermined value. If YES (APO=zpredeter-
mined value), the process proceeds to step S7, whereas the
process proceeds to step S8 if NO (APO<predetermined
value).

Note that, as shown in FIG. 3, the predetermined value of
the accelerator pedal APO is set to an accelerator opening
APOL1 at which a transition is determined from the “EV
mode” enabling region where the motor/generator 3 acts as
a driving source to the “HEV mode” enabling region where
both the engine 1 and the motor/generator 3 function as the
driving source. Stated another way, the accelerator remains
constant up until the vehicle speed reaches a predetermined
vehicle speed VSP2. However, upon the vehicle speed
exceeding the predetermined vehicle speed VSP2, the pre-
determined value will be given by a value that decreases
gradually with increase in the vehicle speed VSP.

In step S7, following the determination that APO=zprede-
termined value in step S6, that is, following the determina-
tion of presence of the engine startup due to a driving force
request, the engine startup is carried out by using the starter
motor 6, and the process proceeds to step S9.

In step S8, subsequent to the determination that
APO<predetermined value in step S6, that is, the determi-
nation of absence of the system initiated startup request or
the driving force initiated startup request, the vehicle main-
tains travelling while selecting the “EV mode”, and the
process proceeds to step S10.

In step S9, following the determination of engine startup
in any one of the steps S4, S5, S14, and S15, or the
determination of EV drive being not permitted in step S10,
the vehicle is allowed while selecting the “HEV mode”, and
the process proceeds to step S10.

In step S10, following the HEV drive allowance in step
S9, it is determined whether or not the travel with the “EV
mode” being selected is allowed. The process proceeds to
step S11 if YES (EV travel allowed), whereas the process
returns to step S9 if NO (EV travel is not allowed).
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In step S11, following the determination of the EV travel
being allowed in step S10, the process executes the sequence
control for the engine stop and proceeds to step S12.

In step S12, following the engine shutdown sequence in
step S11, it is determined whether or not the accelerator
opening APO detected by the accelerator opening sensor 25
is a predetermined value or more. The process proceeds to
step S13 if YES (APOz=zpredetermined value), while the
process proceeds to step S16 if NO (APO<predetermined
value).

The predetermined value of the accelerator opening APO
at the step S12 is similar to that in step S6.

In step S13, following the determination that APOzpre-
determined value in step S12, it is determined whether or not
the engine rotation speed Ne detected by the engine speed
sensor 27 is greater than zero, i.e., Ne>0. The process
proceeds to step S14 if YES (Ne>0), and if NO (Ne=0
engine stop), the process proceeds to step S15.

In step S14, following the determination Ne being greater
than zero, i.e., Ne>0, in step S13, the process performs the
engine startup using the motor/generator 3 and proceeds to
step S9.

In step S15, following the determination Ne being equal
to zero, i.e., Ne=0 in step S13, the process performs the
engine start using the starter motor 6 and proceeds to step
S9.

In step S16, subsequent to the determination that the
APO<predetermined value in step S12, the process stops the
engine 1 and proceeds to the end.

Now, a description is given of the operation.

First, a conventional example is described. Subsequently,
the operations of the control device of the FF hybrid vehicle
according to one or more embodiments of the present
invention is described separately, i.e., with respect to “selec-
tive operation of the engine starting motor”, “engine startup
operation by system requirement or request”, “engine
startup operation by the driving force request”, “engine
startup operation by change of mind”, and “engine startup
operation by a representative example”.

Such a comparative example is assumed in which, in a
hybrid vehicle, when the engine is started while traveling in
“EV mode”, the engine startup is carried out using the starter
motor at all times.

In this comparative example, when the engine is started in
the running of state in which background noise (=environ-
mental noise) is low, the sound accompanied by the jump in
gear or driving of the starter motor is headed by the
occupant. In particular, when the engine startup scene occurs
due to a system initiated requirement for engine startup
against the intention of the driver, it would give a sense of
discomfort to the driver.

As examples of the engine startup scene in response to the
system requesting system, situations such as a low-battery
charge capacity, the increase in air conditioning load, an
increase in power consumption other than the driving force,
and the like are contemplated. In this system required startup
scene and in a state in which the accelerator pedal is held at
a constant opening, if the engine would be started using the
starter motor, the jump-in sound or the driving sound are
heart, which would give the occupant a sense of discomfort.
Further, in the system required startup scene at vehicle
external noise being low with the engine rotating at idle
speed, when the engine is started by a starter motor, a sense
of discomfort is given to the occupant as well.

When seeking to eliminate the discomfort describe above,
the conditions of transition from the travel in “EV mode” to
“HEV mode” is confined to such a case in which, for
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example, the accelerator pedal is not kept at a constant, and
the engine is not in an idle state. As a result, the prospectus
that fuel economy improvement to be achieved by starting
the engine by the starter motor will be smaller than desired.

Furthermore, due to engine startup operations using the
starter motor at all times, the frequency of use of the starter
motor is high so that durability may exceed a set value prior
to elapse of a vehicle life time and the starter motor is
compelled to be replaced during the vehicle life time.
[Selective Operation of Engine Starting Motor]

It is necessary to make the index or criteria clear accord-
ing to which the two motors, i.e. a starter motor and a driving
motor are selectively used. The following describes the
operation of the selective use of engine starting motor, which
reflects this situation with reference to FIGS. 3 to 6.

First, when comparing the performances of sound vibra-
tion between the case of the engine being started by the
starter motor and the case of engine start by the driving
motor, as shown in FIG. 4, the relation that the starter
initiated startup> the motor initiated startup is confirmed and
a difference in the order of 4 dB is detected between the
starter initiated startup and the driving motor initiated
startup.

Although background noise increases with increase in
vehicle speed, if it is possible to suppress the engine start
sound noise below this background noise level, the score or
rating against discomfort would be high even at an engine
startup. For example, as shown in FIG. 5, assuming that the
score of 3.5 corresponds to a level where discomfort is
inconspicuous, in a region below a vehicle speed VSP1
where background noise is small, it is necessary for the
driving motor startup region to be allocated in order to
achieve the score 3.5. However, in the vehicle speed region
greater than VSP1, the score of 3.5 is achieved even if the
starter startup region is allocated.

First, based on the comparison of sound vibration perfor-
mance in FIG. 4, in the case of engine startup due to a system
request or requirement where the engine start would be
unintentional, the engine is started using a driving motor
from the viewpoint that a sense of discomfort will not be
given. In contrast, in the case of the engine startup due to a
driving force request to engine start-up deliberately, from the
point of view that the driver would not be worried about the
engine startup sound as the noise, the engine startup is
performed using the starter motor. These represent the basic
selection criteria of an engine starting motor.

Further, when starting the engine due to a system request
or requirement, instead of performing the engine startup
using the driving motor at all times, based on the noise rating
in FIG. 5, although the driving motor is used in a low vehicle
speed region, in the high vehicle speed region where the
background noise is large, the starter motor is in place. At
this time, the threshold value distinguishing the low vehicle
speed region and the high vehicle speed region is set at a
vehicle speed value VSP1 at which the starting sound at the
time of engine startup using the starter motor 6 will be rated
as inconspicuous with respect to the background noise,
which increases in accordance with vehicle speed increase
(see FIGS. 3, 6).

Further, as shown in FIG. 3, a predetermined value of the
accelerator opening degree APO at which the engine is
started due to a driving force request is set at an accelerator
opening value APO1 by which a determination is made for
the transition from the “EV mode” enabling region using the
motor/generator 3 as driving source to the “HEV mode”
selection region using both the engine 1 and the motor/
generator 3 as driving source. In this instance, when the



US 9,476,395 B2

9

mode region is mapped, the “EV mode” enabling region is
configured to be expanded at all times compared to the “EV
mode” enabling region that starts up the engine using the
driving motor at all times. This is because the driving motor
representing the driving source in the “EV mode” is not
required to set aside a motor torque for an engine startup.
The specific selection pattern depending on each scene of
the engine starting motor will now be described with refer-
ence to FIG. 6.

First, when the vehicle is stopping with P, N, or D range,
the associated background noise is small. Therefore, irre-
spective of startup of driving force initiated or system
initiated, the engine will be started using a driving motor.

Then, out of the running states with the accelerator
released in the D range, such running states as deceleration
(downhill, flat, uphill), coasting deceleration (flat, uphill),
coasting acceleration (downbhill), and automatic up shifting
operate with small background noise. Thus, regardless of the
system initiated startup or depart from the EV mode region
(driving force initiated), the engine startup will be carried
out with the driving motor.

Further, out of the running states with the accelerator
opening constant at D range, constant speed (flat, uphill),
acceleration (downhill, flat, uphill), auto up shift, and decel-
eration (uphill) represent a large background noise. Thus,
regardless of the system initiated startup or depart from the
EV mode region (driving force initiated), the engine startup
will be carried out with the starting motor.

Further, out of the running states with the small amount of
accelerator opening small (i.e., 4 APO is small) at D range,
acceleration (flat, uphill), deceleration (uphill), and auto-
matic up shifting of these represent a large background
noise. Thus, regardless of the system initiated startup, driv-
ing force initiated startup or startup in response to departure
from the EV mode region (driving force initiated), the
engine startup will be carried out with the starter motor.
However, in the case of acceleration (downbhill) or auto up
shifting, the background noise is small. Therefore, when
initiated by the system, the engine startup will be executed
with the driving motor.

Furthermore, out of the running states with the accelerator
opening large (i.e., 4 APO is large) at D range, acceleration
(downhill, flat, uphill), auto shifting up, and downshifting
with accelerator pressed down operate with a large back-
ground noise. Thus, at the driving force initiated startup, the
starter motor is used for the engine startup.

[Engine Startup Operation Due to the System Request]

As described above, at the engine startup due to the
system requirement or request, reduction in discomfort is
necessary. Thus, engine start-up is performed by the driving
motor basically. A description is given below with reference
to FIG. 2 of the effect of the engine startup operation due to
system request reflecting this situation.

In a state of EV running, upon startup requirement due to
the system request, when the vehicle speed VSP is equal to
or above a threshold value, in the flowchart shown in
FIG. 2, the process proceed along step S1—=step S2—=step
S3—=step S4. In step S4, the engine startup is performed
using the starter motor 6.

On the other hand, during a state of EV running being
allowed, upon a startup requirement due to a system request,
when the vehicle speed VSP is equal to or greater than the
threshold value, in the flowchart in FIG. 2, the process
proceeds along step S1—=step S2—step S3—»step S5. In step
S5, the engine startup is performed using the motor/genera-
tor 3.
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Thus, as the engine startup operations due to the system
requirements, reduction in battery SOC in a high voltage
battery 10, increase in air conditioning load, increase in
power consumption other than the driving force, and the like
are contemplated. That is, the engine starting due to the
system request will not be predictable for the driver with
respect to time of engine startup.

Accordingly, in the case of engine starting by the system
request and when the vehicle speed VSP is the threshold
VS1 or above, even at unintentional engine startup sound,
the score against the discomfort is high due to a large
background noise, the engine startup will be executed by the
starter motor 6.

Thus, during EV mode travel using the motor/generator 3
as driving source, it is not necessary for the torque of the
motor/generator 3 to distribute the engine startup torque, the
occurrence of a slowdown due to engine starting can be
prevented.

On the other hand, in the case of engine startup by the
system request, when the vehicle speed VSP is below the
threshold VS1, if the engine starting sound is emitted
unexpectedly with a small background noise, the score
against discomfort is reduced. Thus, the engine startup
operation will be selected to be performed using the motor/
generator 3.

Thus, by making the engine starting by the motor/gen-
erator 3 which exhibits good sound vibration performance
compared to engine start by the starter motor 6, the discom-
fort to the occupant given by the engine startup sound is
reduced.

[Engine Startup Operation by the Driving Force Request]

As described above, when the engine is started by the
driving force request, because it is a situation where the
uncomfortable feeling can be suppressed, the engine starting
is affected by the starter motor basically. A description is
given below with reference to FIG. 2 of the engine startup
operation due to the driving force request reflecting this
situation.

In an EV mode travel permission time with no startup
request by the system request, when an accelerator opening
APO is a predetermined value or more, in the flowchart of
FIG. 2, the process proceeds to step S1—sstep S2—»step
S6—step S7. In step S7, engine start is performed using the
starter motor 6.

On the other hand, in the EV mode travel permission with
no startup request by system request, when the accelerator
opening APO is less than the predetermined value, in the
flowchart of FIG. 2, the process proceeds along to step
S1-—»step S2—Step S6—=step S8. In step S8, the EV driving
mode is maintained.

Thus, when the engine is started by the driving force
request, the engine start sound will reach the driver in a state
in which background noise is small. However, since the
engine start sound is representative of the accelerator
depression operation which reflects the intention of the
driver requesting for driving force, the engine startup sound
corresponding to the accelerator depression operation would
not be uncomfortable for the driver. Therefore, when there
is an engine start up by a driving force request, the engine
starting will be performed by the starter motor 6.

Then, when there is the driving force request, by allowing
starter motor 6 to share the engine start, it is possible to use
the torque by the three motor/generator 3 as a driving torque
to the left and right front driving wheel 12, 12.

Therefore, in the start of the engine startup by the driving
force request, without giving an uncomfortable feeling to the
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driver, the expansion of the running region according to “EV
mode” with the motor/generator 3 as driving force is
achieved.

[The Engine Startup Effect by Change of Mind]

During the HEV driving mode, in the case of a so-called
“change of mind” operation in which, although the vehicle
has entered the EV enabled region in response to release of
the accelerator pedal, a depressing operation immediately
thereafter requires the system to return to the HEV region,
it is necessary to perform an efficient selective control of the
engine starting motor. A description is given of the engine
startup operation due to the change of mind reflecting this
situation.

When the accelerator opening APO reaches the predeter-
mined value or more immediately after the transition from
the HEV driving mode to the EV mode, and when the engine
1 is rotating, in the flowchart in FIG. 2, the process proceeds
along step S9-—=step S10-—=step Sll-sstep S12-»step
S13—step S14. In step S14, the engine startup is performed
using the motor/generator 3.

On the other hand, the accelerator opening APO reaches
the predetermined value or more immediately after the
transition from the HEV driving mode to the EV mode, and
when the engine 1 is in a stopped state, the process proceeds
in the flowchart of FIG. 2 along step S9—=step S10—step
S11-=step S12—the process proceeds to step S13—S15. In
step S15, the engine startup is performed using the starter
motor 6.

Incidentally, when the accelerator opening APO becomes
less than the predetermined value after the EV travel per-
mission following the HEV driving mode, in the flowchart
of FIG. 2, the process proceeds to along step S9—=step
S10—=step S11—=step S12—=step S16—end. In step S16, the
engine 1 is stopped.

As described above, when the engine is started by the
driving force request with the accelerator opening APO
greater than or equal to the predetermined value, discomfort
is not an issue. Thus, an engine startup using the starter
motor 6 is acceptable. However, when the accelerator open-
ing APO becomes a predetermined value or more immedi-
ately after the EV travel mode permission from the HEV
driving mode and when the engine 1 is rotating, a cranking
operation is not required.

Therefore, when the engine is startup in the engine
rotating state by the change of mind, the engine is started
smoothly with better response when using the motor/gen-
erator 3 than using the starter motor 6.

[Engine Startup Operation in a Representative Example]

The engine startup pattern presents, as shown in FIG. 3,
various patterns according to change in the operating point
defined by the vehicle speed VSP and the accelerator open-
ing APO. A description is given below with reference to
FIGS. 7 to 10 of the engine startup operations by the
representative examples reflecting this situation.

In the FF hybrid vehicle on which the control device
according to one or more embodiments of the present
invention is installed, as shown in FIG. 3(1), when the
engine is started in response to the accelerator depression
operation in the running state of the EV region (=in response
to a driving force request), as shown in FIG. 7, the engine
is started using the starter motor 6.

That is, when the accelerator opening APO becomes a
predetermined value APO1 or more, the starter activation
signal is set to from OFF to ON (i.e. OFF—0ON), the engine
1 is started through cranking operation by the starter motor
6.
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In the FF hybrid vehicle on which the control device
according to one or more embodiments of the present
invention is installed, as shown in FIG. 3(1), when the
engine is started in response to increase in vehicle speed
from the EV running enabled region (=in response to driving
force request), as shown in FIG. 8, the engine is started using
the starter motor 6.

That is, despite the accelerator opening APO being con-
stant, in response to an increase in the vehicle speed VSP so
that a predetermined value APO1 is crossed to enter the
HEYV region, the starter activation signal is set from OFF to
ON, the engine 1 is cranked to startup by the starter motor
6.

In the FF hybrid vehicle on which the control device
according to one or more embodiments of the present
invention is installed, as shown in FIG. 3(2), when the
engine is started in response to a change of mind operation
(=driving force request) during the HEV driving mode, as
shown in FIG. 9, the engine is started up using the motor/
generator 3.

That is, at the time to start up the engine due to the change
of mind operation during the HEV mode of running with the
engine 1 being rotated, the motor torque of the motor/
generator 3 is converted from a negative torque (regenera-
tive deceleration) to a positive torque to thereby start the
engine while increasing the rotation thereof.

In the FF hybrid vehicle on which the control device
according to one or more embodiments of the present
invention is installed, as shown in FIG. 3(3), (3)', when the
engine is started in response to a system request during EV
mode of travel, as shown in FIG. 10, the engine is started up
using the motor/generator 3.

That is, when in (3) in response to a system request during
EV mode of running with the vehicle speed VSP below the
threshold VSP1, or, when in (3)' in response to a system
request during EV mode of running with the vehicle being
under coasting deceleration, the engine 1 is started up
quietly or gently through control of torque of the motor/
generator 3 and the first clutch 2.

Now, a description is given of the effect.

A control device of the FF hybrid vehicle according to one
or more embodiments of the present invention may obtain
one or more of the following effects.

(1) Provided are an engine 1;

a starter motor 6 for starting the engine 1;

a driving motor (motor/generator 3) which is enabled to
transmit a motor torque to both the engine 1 and a drive
wheel (left and right front wheel 12, 12);

a starting motor selective control unit (FIG. 2) that is
operative to start the engine using the starter motor 6 in
response to a driving force request during a selected mode
of operation (during EV mode being selected) in which the
driving motor (motor/generator 3) serves as the driving
source while being operative to start the engine using the
driving motor (motor/generator 3) in response to a system
request.

Therefore, it is possible in the engine startup due to a
system request to reduce the discomfort to the occupant due
to the engine start sound.

(2) The starting motor selective control unit (FIG. 2) is
configured to start the engine using the driving motor
(motor/generator 3) in response to a system initiated engine
startup when the vehicle speed VSP is less than a threshold
value VSP1, while to perform an engine startup using the
starter motor 6 in response to the system initiated engine
startup when the vehicle speed VSP is equal to the threshold
value VSP1 or above (step S1 through step S5).
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Therefore, in addition to the effect of (1), at the time of
engine startup due to a system request when the vehicle
speed VSP is less than the threshold value VSP1, it is
possible to reduce the discomfort given to the occupant by
the engine start sound while preventing the occurrence of a
slowdown by the engine starting with the drive motor
(motor/generator 3) when the vehicle speed VSP is the
threshold value VSP1 or more.

(3) The starting motor selective control unit (FIG. 2) is
configured set the threshold value VSP1 of the vehicle speed
VSP at a vehicle speed value at which the motor start sound
at engine startup using the starter motor 6 is evaluated to be
inconspicuous with respect to background noise, which
increases with an increase in vehicle speed (step S3). There-
fore, in addition to the effects of (2), even at an engine
startup operation by a system request using a starter motor
6, it is possible to suppress the discomfort to the occupant.

(4) The starting motor selective control unit (FIG. 2) is
configured to start the engine using the starter motor 6 (step
S6, step S7), during a running state with a mode being
selected in which the driving motor (motor/generator 3)
serves as driving source (i.e. EV driving mode), when the
accelerator pedal APO is equal to a predetermined value
APO1 or more.

Therefore, it is possible, in addition to the effects (1) to
(3), to determine the magnitude of the driving force request
of the driver based on the accelerator opening APO.

(5) The starting motor selective control unit (FIG. 2) is
configured to start the engine using the driving motor
(motor/generator 3) during transition from a mode (HEY
mode) in which both the engine 1 and the driving motor
(motor/generator 3) serve as driving force to a mode (EV
mode) in which the driving motor (motor/generator 3) serves
as driving source, when the accelerator opening APO
becomes a predetermined value APO1 or more (step S9
through step S15).

Therefore, it is possible, in addition to the effects (1) to
(4), to start up the engine while rotating due to the change
of mind operation, to start the engine smoothly with good
response while suppressing the sound at an engine startup.

(6) The starting motor selective control unit (FIG. 2) is
configured to set the predetermined value APO1 of the
accelerator opening APO at an accelerator opening value at
which a determination is made for transition from a mode
(EV mode) in which the driving motor (motor/generator 3)
serves as driving source to a mode (HEV mode) in which
both the engine 1 and the driving motor (motor/generator 3)
serve as driving force (step S6, step S12).

Therefore, in addition to the effect of (4) or (5), at the
startup of the engine by the driving force request, the
selective use of the modes (EV mode, HEY mode) and the
selective control of starting motor (motor/generator 3, the
starter motor 6) can be matched with each other.

Although embodiments of a control device for a hybrid
vehicle are described above, the specific configurations are
not limited to the above embodiments. Rather, alteration or
addition may be allowed.

In one or more of the above embodiments, at the system
initiated engine startup operation, the starting motor selec-
tive control unit is configured to selectively use the motor/
generator 3 and the starter motor 6 depending on the
magnitude of the vehicle speed VSP. However, one or more
embodiments of the present invention may be configured to
perform an engine startup using the driving motor (motor/
generator) irrespective of the magnitude of the vehicle
speed, when starting the engine by the system request.
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In one or more of the above embodiments, the starting
motor selective control unit is configured to set the engine
startup request by the driving force request at an accelerator
pedal opening APO at a predetermined value APO1 or more.
However, the predetermined value for driving force request
determination threshold may be given, not by a constant
value, but by a variable dependent on an accelerator opening
speed 4 APO (=accelerator depression speed), road gradi-
ent, or operation of a blinker lever or turn signal switch, and
the like. When the variable is given by the accelerator
opening speed 4 APO, such a selective use of the starting
motor may be obtained with an optimal response of vehicle.
When the variable is given by the road gradient, the allo-
cation of driving force may be set variable with respect to
the accelerator opening. Further, when the variable value is
given depending on the operation of the turn signal switch,
a response oriented engine startup may be available when
turning right or left.

In one or more of the above embodiments, the control
device of a hybrid vehicle is applied to a one-motor-two-
clutch, FF hybrid vehicle. However, the control device
according to one or more embodiments of the present
invention may be equally applicable to an FF, or FR hybrid
vehicle that does not include in a driveline a first clutch 2,
a second clutch 4 or belt type CVT 5. In short, one or more
embodiments of the present invention can be applied to any
control device for a hybrid vehicle including an engine
starter motor, and a driving motor that also serves as an
engine starting motor.

While the invention has been described with respect to a
limited number of embodiments, those skilled in the art,
having benefit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the
scope of the invention should be limited only by the attached
claims.

The invention claimed is:

1. A control device for a hybrid vehicle, comprising:

an engine;

a starter motor operable to start the engine;

a driving motor, provided separately from the starter
motor and interposed between the engine and a driving
wheel, that transmits a motor torque to the engine and
a drive wheel when the driving motor is a driving
source; and

a starting motor selective control unit that selects one of
the starter motor and the driving motor to start the
engine,

wherein the starting motor selective control unit starts the
engine using the starter motor in response to a driving
force request by a driver of the hybrid vehicle as
expressed in an accelerator pedal depressing operation
and during a selected mode of operation in which the
driving motor serves as the driving source, and

wherein the starting motor selective control unit starts the
engine using the driving motor in response to a system
request and during the selected mode of operation in
which the driving motor serves as the driving source.

2. A control device for a hybrid vehicle, comprising:

an engine;

a starter motor that starts the engine;

a driving motor that transmits a motor torque to the engine
and a drive wheel,

a starting motor selective control unit that starts the
engine using the starter motor in response to a driving
force request by a driver of the hybrid vehicle during a
selected mode of operation in which the driving motor
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serves as the driving source, and that starts the engine
using the driving motor in response to a system request,

wherein the starting motor selective control unit starts the
engine using the driving motor in response to a system
initiated engine startup when the vehicle speed is less
than a threshold value, and

wherein the starting motor selective control unit performs
an engine startup using the starter motor in response to
the system initiated engine startup when the vehicle
speed is equal to or greater than the threshold value.

3. The control device as claimed in claim 2,

wherein the starting motor selective control unit sets the
threshold value of the vehicle speed at a vehicle speed
value at which the motor start sound at engine startup
using the starter motor is evaluated to be less than a first
noise threshold with respect to background noise,
wherein the background noise increases with an
increase in vehicle speed.

4. The control device as claimed in claim 1,

wherein the starting motor selective control unit starts the
engine using the starter motor, during a running state
with a mode being selected in which the driving motor
serves as driving source, when an accelerator opening
of the accelerator pedal is equal to or greater than a
predetermined value.

5. The control device as claimed in claim 1,

wherein the starting motor selective control unit starts the
engine using the driving motor during transition from a
mode in which both the engine and the driving motor
serve as driving force to a mode in which the driving
motor serves as driving source, when the accelerator
opening becomes equal to or greater than a predeter-
mined value.

6. The control device as claimed in claim 4,

wherein the starting motor selective control unit sets the
predetermined value of the accelerator opening at an
accelerator opening value at which a determination is
made for transition from a mode in which the driving
motor serves as driving source to a mode in which both
the engine and the driving motor serve as driving force.

7. The control device as claimed in claim 2,

wherein the starting motor selective control unit starts the
engine using the starter motor, during a running state
with a mode being selected in which the driving motor
serves as driving source, when an accelerator opening
of the accelerator pedal is equal to or greater than a
predetermined value.

8. The control device as claimed in claim 3,

wherein the starting motor selective control unit starts the
engine using the starter motor, during a running state
with a mode being selected in which the driving motor
serves as driving source, when the accelerator pedal is
equal to or greater than a predetermined value.

9. The control device as claimed in claim 2,

wherein the starting motor selective control unit starts the
engine using the driving motor during transition from a
mode in which both the engine and the driving motor
serve as driving force to a mode in which the driving
motor serves as driving source, when the accelerator
opening becomes equal to or greater than a predeter-
mined value.

10. The control device as claimed in claim 3,

wherein the starting motor selective control unit starts the
engine using the driving motor during transition from a
mode in which both the engine and the driving motor
serve as driving force to a mode in which the driving
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motor serves as driving source, when the accelerator
opening becomes equal to or greater than a predeter-
mined value.

11. The control device as claimed in claim 4,

wherein the starting motor selective control unit starts the
engine using the driving motor during transition from a
mode in which both the engine and the driving motor
serve as driving force to a mode in which the driving
motor serves as driving source, when the accelerator
opening becomes equal to or greater than a predeter-
mined value.

12. The control device as claimed in claim 5,

wherein the starting motor selective control unit sets the
predetermined value of the accelerator opening at an
accelerator opening value at which a determination is
made for transition from a mode in which the driving
motor serves as driving source to a mode in which both
the engine and the driving motor serve as driving force.

13. A method for controlling a hybrid vehicle, comprising:

accepting a driving force request from a driver of the
hybrid vehicle as expressed in an accelerator pedal
depressing operation;

starting, via a starting motor selective control unit that
selects one of a starter motor and a driving motor to
start an engine, the engine using the starter motor in
response to the driving force request and during a
selected mode of operation in which the driving motor
that transmits a motor torque to the engine and a drive
wheel serves as a driving source, and

starting the engine using the driving motor in response to
a system request and during the selected mode of
operation in which the driving motor serves as the
driving source,

wherein the driving motor is provided separately from the
starter motor and is interposed between the engine and
the driving wheel.

14. The method as claimed in claim 13, further compris-

ing:

starting the engine using the driving motor in response to
a system initiated engine startup when the vehicle
speed is less than a threshold value, and

performing an engine startup using the starter motor in
response to the system initiated engine startup when the
vehicle speed is equal to or greater than the threshold
value.

15. The method as claimed in claim 14, further compris-

setting the threshold value of the vehicle speed at a
vehicle speed value at which the motor start sound at
engine startup using the starter motor is evaluated to be
less than a first noise threshold with respect to back-
ground noise, wherein the background noise increases
with an increase in vehicle speed.

16. The method as claimed in claim 13, further compris-

ing:

starting the engine using the starter motor, during a
running state with a mode being selected in which the
driving motor serves as driving source, when an accel-
erator opening of the accelerator pedal is equal to or
greater than a predetermined value.

17. The method as claimed in claim 13, further compris-

ing:

starting the engine using the driving motor during tran-
sition from a mode in which both the engine and the
driving motor serve as driving force to a mode in which
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the driving motor serves as driving source, when the
accelerator opening becomes equal to or greater than a
predetermined value.
18. The method as claimed in claim 16, further compris-
ing: 5
setting the predetermined value of the accelerator opening
at an accelerator opening value at which a determina-
tion is made for transition from a mode in which the
driving motor serves as driving source to a mode in
which both the engine and the driving motor serve 10
driving force.

18



